Introduction
============

Neurofibromatosis 1 (NF1) is a common neurocutaneous condition with an autosomal-dominant pattern of inheritance, affecting about 1 in 3,000 individuals.[@b1-tcrm-14-1547] It is caused by mutations in the *NF1* gene that lead to the production of nonfunctional neurofibromin that cannot regulate cell growth or division, which generates increased risk for various benign and malignant tumors.[@b2-tcrm-14-1547],[@b3-tcrm-14-1547] This disease has varied expression, even within families. Diagnosis criteria are: six or more café au lait macules (.0.5 cm at largest diameter in a prepubertal child or \>1.5 cm in postpubertal individuals), axillary or groin freckling, two or more neurofibromas or one or more plexiform neurofibromas, two or more Lisch nodules, bony dysplasia (sphenoid wing dysplasia, bowing of the long bone ± pseudarthrosis), optic pathway glioma, and a first-degree relative with neurofibromatosis type 1. Two or more features are required for diagnosis.[@b4-tcrm-14-1547] Hypertension is common among NF1 patients, and may be secondary to vasculopathy (renovascular disease or coarctation of the aorta) or pheochromocytoma, but recent research has suggested that in most cases of NF1, hypertension has no association with pheochromocytoma or renal artery stenosis.[@b5-tcrm-14-1547] Here, we describe two children diagnosed with NF1 after severe secondary hypertension induced by pheochromocytoma and obstructive lesions of the middle aorta had been discovered. Written informed consent was obtained from the patients' parents for publication of this case series and accompanying images.

Case presentation
=================

Patient 1
---------

After a car accident without traumatic consequences, elevated arterial pressure of 190/130 mmHg (95th percentile for his age, sex, and height = 136/87 mmHg) were discovered in a 17-year-old male. Initially, arterial hypertension was attributed to his emotional state after the car accident, but during hospitalization the patient continued to be anxious and tachycardic, and arterial pressure remained high. Physical examination revealed normal somatic and pubertal development, numerous café au lait spots (13 spots with diameter \>1.5 cm), axillary freckling and one plexi-form neurofibroma. He had a 2-year history of headache, and brain magnetic resonance imaging (MRI) revealed an unprogressive arachnoid cyst. The adolescent's mother presented numerous café au lait spots and neurofibromas, and these modifications, which were also present in the patient's grandfather and great-grandfather, were considered a family trait. Abdominal ultrasound showed a parenchymal, well-defined, inhomogeneous mass lesion of 126×110×118 mm^3^ at the area superior to the left upper kidney pole, and adrenal gland origin could not be ruled out ([Figure 1](#f1-tcrm-14-1547){ref-type="fig"}). The left kidney had pelvicalyceal dilatation, and the splenic vein was compressed by the tumor mass. The right adrenal gland and right kidney were normal. Contrast abdominal MRI confirmed the adrenal origin of the tumor ([Figure 2](#f2-tcrm-14-1547){ref-type="fig"}). Hormonal assays revealed elevated plasma-free metanephrines and urinary catecholamines ([Table 1](#t1-tcrm-14-1547){ref-type="table"}). Pheochromocytoma was diagnosed, and ^123^I-metaiodobenzylguanidine (^123^I-MIBG) scintigraphy ruled out extra-adrenal uptake and metastatic localization ([Figure 3](#f3-tcrm-14-1547){ref-type="fig"}). Echocardiography revealed left-ventricle hypertrophy. Ophthalmological findings were unremarkable. Endocrinological consultation was consistent with NF1 and pheochromocytoma, and surgical treatment was recommended. Prior to surgery, therapy with daily prazosin 2 mg was started, and after 7 days daily propranolol 60 mg was added. After 6 weeks of treatment, arterial pressure was 120/60 mmHg and heart rate had decreased to 60 bpm. Surgical removal of the tumor mass of the adrenal gland was performed, and microscopy of the adrenal mass showed histological features of Pheochromocytoma of the Adrenal gland Scaled Score of 2. After surgery, blood pressure was within normal range, and 1 week later antihypertensive therapy was stopped. Postoperative plasma free metanephrines had normalized.

Patient 2
---------

A 4-year-old boy diagnosed at birth with dextrocardia presented with an incidental finding of severe hypertension 170/90 mmHg (95th percentile for his age, sex, and height = 107/67 mmHg) after a minor cranial trauma. He had a 2-year history of idiopathic abdominal pain. Physical examination revealed normal weight, height in the 10th percentile, numerous café au lait spots (eight spots with diameter \>0.5 cm), axillary and groin freckling, and one plexiform neurofibroma. All peripheral pulses were palpable, there was no detectable abdominal murmur, and blood pressure was recorded in all four limbs (right arm 145/95 mmHg, left arm 150/100 mmHg, right leg 160/100 mmHg, left leg 155/95 mmHg). Laboratory investigations revealed that renal- and liver-function tests, blood-cell counts, urinalysis, serum electrolytes, aldosterone, free plasma metanephrines, and 24-hour urine levels of catecholamines were all within normal ranges. Plasma-renin level was elevated, suggesting a renovascular cause of hypertension ([Table 2](#t2-tcrm-14-1547){ref-type="table"}). Renal ultrasound examination of the abdomen was normal, with both kidneys normal size. Doppler-derived renal resistive index revealed elevated values (0.78 on the left and 0.8 on the right). Thoracic and abdominal MR angiogram revealed reduced caliber of the abdominal aorta and celiac trunk, stenosis of the upper mesenteric artery, irregular right renal artery with reduced caliber, and narrowed left renal artery at its emergence ([Figure 4](#f4-tcrm-14-1547){ref-type="fig"}). Echocardiography revealed mild left-ventricle hypertrophy and dextrocardia. Ophthalmological findings were unremarkable. The final diagnosis of NF1 with middle aortic syndrome (MAS) and secondary hypertension was then made. For 1 month, the patient took a calcium-channel blocker, an α-adrenergic agonist, and a diuretic agent. This regimen failed to control blood pressure, so angioplasty was scheduled.

Discussion
==========

We present two patients who were diagnosed with NF1 only after elevated blood pressure values had been detected, although the clinical markers of this disease (café au lait spots) were present at birth. In the first case, cutaneous markers were present in other generations in the family but considered a family trait, so the diagnosis was delayed. In the second case, the café au lait spots had been overlooked by both the family and medical staff who examined the child. Usually, these spots are multiple and present at birth or in early infancy and observed in children with NF1 by age 3 years, so it is important to increase awareness of NF1 diagnosis among medical staff that come into contact with such patients to prevent the various complications of this disease.

Studies have shown that hypertension is much more frequent in children with NF1 (14%--16%) compared to the general pediatric population (3.5%).[@b5-tcrm-14-1547],[@b6-tcrm-14-1547] According to some studies, hypertension may be secondary to renal artery stenosis or pheochromocytoma, which have a prevalence of 2%, but these findings cannot explain the high prevalence of increased blood pressure in children with NF1, suggesting that hypertension could be a common primary feature of this disease.[@b4-tcrm-14-1547],[@b5-tcrm-14-1547] Detection of elevated blood pressure values in children with NF1 requires complete evaluation for secondary causes (pheochromocytoma and vasculopathy).

The first patient reported was diagnosed with NF1 and pheochromocytoma after detection of severe hypertension at the scene of a car accident in which he was involved. Pheochromocytoma is a tumor arising from adrenomedullary chromaffin cells that commonly produces one or more catecholamines (epinephrine, norepinephrine, and dopamine), and prevalence in children with hypertension is approximately 1.7%.[@b7-tcrm-14-1547] This type of tumor is variable in NF1 patients (0.1%--7.7%) and the first tumor of the adrenal gland in a patient with NF1 was mentioned in 1910.[@b8-tcrm-14-1547],[@b9-tcrm-14-1547] The mean age of presentation in the general population is in the fourth decade, and the majority of tumors are unilateral and benign.[@b10-tcrm-14-1547] Pheochromocytoma detected in NF1 patients can have no clinical manifestations, but different outcomes are possible: from well-controlled hypertension to multiorgan failure.[@b11-tcrm-14-1547]

Plasma free metanephrines are the ideal test for diagnosis, because these metabolites of catecholamines are released continuously from the tumor. In our patient, nor-epinephrine production was higher than epinephrine. This finding is in line with studies that in patients with negligible epinephrine-producing tumors, age at diagnosis was earlier than in epinephrine-producing tumors.[@b12-tcrm-14-1547],[@b13-tcrm-14-1547] Computed tomography can localize the adrenal tumors, and MRI is superior for the detection of extra-adrenal tumors. ^123^I-MIBG scintigraphy and ^18^F-dopamine or ^18^F-dopa positron-emission tomography are used to detect or exclude multifocal or metastatic disease.[@b7-tcrm-14-1547],[@b13-tcrm-14-1547] In our patient, ultrasonography and MRI revealed the tumor mass, and ^123^I-MIBG scintigraphy ruled out multifocal disease and malignancy. The size of secreting pheochromocytoma is correlated with the amount of catecholamines released, and this finding was demonstrated in our case, who presented plasma concentration of metanephrines ten times that of the upper reference limit.[@b9-tcrm-14-1547],[@b14-tcrm-14-1547]

The treatment of pheochromocytoma involves a multidisciplinary approach. An α-blocker (phenoxybenzamine or prazosin) is the initial drug of choice. β-Blockers (propranolol, metoprolol, atenolol) should never be used in the absence of an α-blocking agent, as that could precipitate a hypertensive crisis. Tumor removal consists in laparoscopic adrenalectomy (retroperitoneal approach is preferred) or open resection for large or invasive pheochromocytoma.[@b13-tcrm-14-1547] Careful intraoperative and postoperative monitoring of the patient's blood pressure, heart rate, and volume replacement are crucial. Postoperatively, plasma or urinary metanephrine-concentration measurements are required.[@b3-tcrm-14-1547],[@b13-tcrm-14-1547] In our patient, treatment was started with prazosin and propranolol added after 7 days, with considerable reduction in blood pressure and heart rate. Open surgery was required because of the large dimensions of the tumor. Blood pressure normalized after 1 week, and at follow-ups over the next 12 months, he had not experienced any relapses. Microscopy of the tumor revealed histological features of benign pheochromocytoma. The Pheochromocytoma of the Adrenal gland Scaled Score was developed to distinguish benign from malignant, but the use of this score has not been validated in all studies, and a new scoring system was proposed.[@b3-tcrm-14-1547],[@b15-tcrm-14-1547]

The second patient reported was a 4-year-old boy diagnosed with NF1 in whom severe blood pressure values recorded during hospital admission for minor trauma to the head led to detection of MAS as an underlying vascular condition. Vascular abnormalities that can occur in NF1 patients are stenosis, aneurysms, and arteriovenous malformations due to cellular proliferation, degeneration, healing, and smooth-muscle loss and fibrosis caused by deficiency in neurofibromin with proliferation of the vessel wall. The renal artery is most often affected and arterial hypertension the most common presentation.[@b16-tcrm-14-1547] Patients can be asymptomatic despite multiple-vessel involvement. MAS consists in obstructive lesions of the middle aorta, involves renal and splanchnic branches of the aorta, and is more common in children. Besides NF1, there are other causes, such as genetic (Alagille syndrome or Williams syndrome), inflammatory (Takayasu's arteritis), and intrauterine infection (rubella), or it can be idiopathic.[@b17-tcrm-14-1547]

In our case, Doppler ultrasonography of the renal arteries suggested a diagnosis of renal artery stenosis, and MR angiography, considered an alternative to conventional angiography, revealed reduced caliber of the abdominal aorta and celiac trunk, stenosis of the upper mesenteric artery, and bilateral renal artery stenosis. The right renal artery had several narrow areas, and the left renal artery had segmental narrowing at emergence. Our 4-year-old patient was diagnosed early compared to the common mean age at presentation (6.7--9.1 years).[@b17-tcrm-14-1547],[@b18-tcrm-14-1547] Extra-aortic vessel involvement in our case was in line with other studies, in which 60%--69% of cases had bilateral renal artery stenosis, 30%--60% superior mesenteric artery stenosis, and 22%--60% narrowing of the celiac trunk.[@b17-tcrm-14-1547],[@b18-tcrm-14-1547]

Current management of MAS can be pharmacological with multiple antihypertensive drugs, endovascular, or surgical. Pharmacological management is not satisfactory in many cases, and surgical procedures, such as aorto-aortic bypass grafting, graft vascular replacement, patch angioplasty, renal autotransplantation, or endovascular procedures are required. Percutaneous transluminal angioplasty with or without stenting are endovascular procedures used in this condition with various outcomes, but are associated with complications more frequently in children with NF1. Restenosis and impaired flow may develop due to fibrosis or lack of growth expected from grafts or stents. Residual hypertension is also common after surgical or endovascular procedures and requires antihypertensive medication or secondary intervention.[@b17-tcrm-14-1547]--[@b19-tcrm-14-1547] In our case, a regimen with three antihypertensive drugs failed in blood pressure control, and an endovascular procedure was considered.

Conclusion
==========

In many cases, NF1 diagnosis is often delayed until other symptoms and clinical problems arise. NF1 can have severe complications due to severe hypertension, and regular measurement of blood pressure is mandatory in all children with NF1 to diagnose as early as possible the manifestations of this disease. Screening with plasma or urinary metanephrines and Doppler examinations of the renal vessels and suprarenal aorta may be justified in children with NF1.
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![Abdominal ultrasound of the abdomen. Well-defined, large nonhomogeneous mass lesion at the area superior to the left upper kidney.](tcrm-14-1547Fig1){#f1-tcrm-14-1547}

![Contrast abdominal magnetic resonance imaging. Nonhomogeneous mass tumor originated from the left adrenal gland.](tcrm-14-1547Fig2){#f2-tcrm-14-1547}

![^123^I MIGB scintigraphy indicating exclusive uptake of ^123^I-MIBG at the tumor mass.\
**Abbreviation:** MIGB, metaiodobenzylguanidine.](tcrm-14-1547Fig3){#f3-tcrm-14-1547}

![Thoracic and abdominal magnetic resonance angiogram.\
**Note:** Reduced caliber of the abdominal aorta, irregular right renal artery with reduced caliber, and narrowed left renal artery at emergence.](tcrm-14-1547Fig4){#f4-tcrm-14-1547}

###### 

Laboratory tests

  Parameters                    Value               Reference
  ----------------------------- ------------------- --------------------
  Plasma free metanephrines                         
   Metanephrine                 269 ng/L            \<90 ng/L
   Normetanephrine              1,822 ng/L          \<180 ng/L
  Urinary catecholamines                            
   Adrenaline                   23.3 µg/24 hours    \<27 µg/24 hours
   Noradrenaline                451 µg/24 hours     \<97 µg/24 hours
   Dopamine                     2,501 µg/24 hours   \<500 µg/24 hours
  Cortisol                      21.4 µg/dL          4--24 µg/dL
  Adrenocorticotropic hormone   17.6 pg/mL          9--46 pg/mL
  Free urinary cortisol         85 µg/24 hours      14--97 µg/24 hours
  Aldosterone                   29 ng/dL            2.5--39 ng/dL
  Renin                         24.9 µUI/mL         4.4--60.1 µUI/mL
  Dehydroepiandrosterone        122 µg/dL           70--492 µg/dL
  Parathyroid hormone           46 pg/mL            12--95 pg/mL
  Thyroid-stimulating hormone   1.64 µUI/mL         0.4--4 µUI/mL
  Free T~4~                     1.18 ng/dL          0.9--1.9 ng/dL

###### 

Laboratory tests

  Noradrenaline                 Value             Reference
  ----------------------------- ----------------- -------------------
  Plasma free metanephrines                       
   Metanephrine                 42 ng/L           \<90 ng/L
   Normetanephrine              62 ng/L           \<180 ng/L
  Urinary catecholamines                          
   Adrenaline                   3.5 µg/24 hours   \<27 µg/24 hours
   Noradrenalin                 19 µg/24 hours    \<97 µg/24 hours
   Dopamine                     436 µg/24 hours   \<500 µg/24 hours
  Cortisol                      15.6 µg/dL        4--24 µg/dL
  Adrenocorticotropic hormone   20.8 pg/mL        9--46 pg/mL
  Aldosterone                   28 ng/dL          2.5--39 ng/dL
  Renin                         60.7 µUI/mL       4.4--60.1 µUI/mL
  Parathyroid hormone           76 pg/mL          12--95 pg/mL
  Thyroid-stimulating hormone   3.23 µUI/mL       0.4--4 µUI/mL
  Free T~4~                     1.27 ng/dL        0.9--1.9 ng/dL
